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对照，实验分为 4 组：未进行碱烧伤对照组、碱烧伤后 PBS 处理组、碱烧伤后 BSA
处理组、碱烧伤后 SERPINA3K 治疗组。每组每只大鼠每天滴眼 4 次，滴眼剂量为
20μg/eye/day，连续滴眼 7 天。分别在第 1 天，第 2 天，第 5 天，第 8 天临床检测角膜
新生血管面积、炎症指数、上皮荧光素钠染色。组织切片 H&E 染色观察角膜病理改变。
Western blot 检测角膜新生血管生长因子、色素上皮衍生因子、炎症因子和表皮生长因
子受体即 VEGF、PEDF、TNF-α、EGFR 的蛋白水平。免疫荧光染色检测角膜 EGFR
的表达。MTT 细胞存活实验检测 SERPINA3K 对 HCE 和 HUVEC 细胞增殖的影响。 
结果：我们发现对碱烧伤后的大鼠角膜进行 SERPINA3K 滴眼局部用药 7 天，与
BSA 或者 PBS 对照组相比，新生血管面积明显降低。根据临床炎症指数分析，
SERPINA3K 组对碱烧伤后角膜炎症也有抑制作用。SERPINA3K 还可增强碱烧伤后角
膜上皮的修复作用。其中的可能机制与 SERPINA3K 可以调节促新生血管和抑制新生
血管因子的水平，如下调 VEGF，上调 PEDF 有关；SERPINA3K 还可抑制炎症因子
TNF-α 的水平，并可以明显提高 EGFR 在角膜上皮的表达。同时，SERPINA3K 抑制
HUVEC 细胞的增殖，但对 HCE 细胞的增殖基本没有影响。 
结论：SERPINA3K 对碱烧伤后大鼠角膜新生血管和炎症有治疗作用，并对角膜
























方法：我们建立了 C57BL/6NJ 小鼠在视网膜等多器官高表达 SERPINA4 的转基因
动物模型。利用 OIR 模型诱导视网膜新生血管，检测视网膜新生血管面积和视网膜新
生血管细胞数。利用 SERPINA4 转基因小鼠与糖尿病 Akita 小鼠杂交产生的 Akita x 
SERPINA4 转基因小鼠，检测了视网膜血管内皮粘附的炎症细胞数和视网膜血管渗漏。
利用 Wnt 报告基因 BAT-gal 转基因小鼠与 SERPINA4 转基因小鼠杂交 BAT-gal x 
SERPINA4 转基因小鼠中，检测了 Wnt 信号通路在糖尿病视网膜病变中的变化。 
Western blot 检测 LRP6 和 non-pi-β-catenin 在 OIR 模型和糖尿病模型视网膜中的表达，
同时，ELISA 检测 VEGF、ICAM-1 在以上两个模型中的表达。利用 TOPFLASH 检测
SERPINA4 对 Wnt 信号通路的调节。Western blot 检测 SERPINA4 对视网膜细胞的
pi-LRP6、LRP6、VEGF、TNF-α 表达的调节。免疫共沉淀方法检测 SERPINA4 与细
胞膜外端 LRP6 的特定的结合。 
结果：在 OIR 模型中，SERPINA4 的高表达可以明显的减轻视网膜新生血管面积
和新生血管细胞数。在 SERPINA4 转基因小鼠与 Akita 杂交动物模型中，视网膜血管
渗漏、血管内皮白细胞粘附、由于高糖引起的 VEGF 和 ICAM-1 的过表达均明显降低。
SERPINA4 的高表达也抑制由 OIR 和糖尿病模型引起的 Wnt 信号通路的激活。在 STZ
诱导的糖尿病 Wnt 报告基因鼠 BAT-gal 与 SERPINA4 转基因鼠杂交动物模型中，
SERPINA4 可以抑制由于糖尿病引起的视网膜的 Wnt 信号通路的激活。在离体培养视
网膜细胞中，SERPINA4 可以阻断由于高糖和 Wnt3a 诱导的 Wnt 信号通路的激活。免
疫共沉淀和 LRP6 的结合实验均显示 SERPINA4 可以与 Wnt 的共受体 LRP6 有高度的
特异结合（Kd=4.5nM) 。 
结论：本文以 OIR 和 Akita 为糖尿病视网膜新生血管模型，解释了 SERPINA4 作



















Part 1. Anti-angiogenic and anti-inflammatory effects of 
SERPINA3K on corneal injury 
   Purpose: Corneal alkali burn is a common ocular surface disease and lacks satisfactory 
therapies. It is a comprehensive pathological response of cornea to a combination of factors 
such as neovascularization and inflammation. The purpose of this study was to investigate 
the anti-angiogenic and anti-inflammatory effect of SERPINA3K on the cornea injury and 
its underlying mechanism. 
Methods: Wistar rats were divided into 4 groups: rats without cornea alkali burn as 
negative control, PBS treatment after alkali burn, BSA treatment after alkali burn, and 
SERPINA3K treatment after alkali burn. Topical treatment was applied to the injured rat 
eyes four times daily for 7 days. SERPINA3K was given at dose of 20 μg/eye/day. All eyes 
were observed on day 1, 2, 5 and 8 for evaluation of cornea neovascularization area, 
inflammation index, corneal epithelium fluorescein staining. Corneal pathologic changes 
were examined by H&E staining. Western blot assay was used to detect VEGF, PEDF, 
TNF-α, EGFR protein levels of cornea. The expression of corneal EGFR was also evaluated 
by immunofluorescent staining. MTT assay was applied to measure the effect of 
SERPINA3K on the cell proliferation of HCE and HUVEC cells.  
    Results: After topical treatment was applied to the injured rat eyes for 7 days, 
SERPINA3K group significantly reduced the neovascular area of rat injured cornea, 
compared to the BSA and PBS group. According to the clinical inflammation index analysis, 
SERPINA3K group also suppressed the corneal inflammation. SERPINA3K also improved 
the recovery of corneal epithelium. The possible underlying mechanism involved might be 
through the regulation of pro-angiogenic and anti-angiogenic factors, i.e. down-regulating 
VEGF or up-regulating PEDF. In addition, SERPINA3K also specifically inhibited 
proliferation of HUVEC cells. Moreover, SERPINA3K suppressed corneal inflammatory via 
inhibiting TNF-α expression. SERPINA3K enhanced the EGFR expression in the corneal 
epithelium layer. 
    Conclusions: SERPINA3K has therapeutic effects on alkali burn-induced corneal 
neovascularization and inflammation, and enhances corneal epithelium recovery. The 
possible mechanism may be related to the down-regulation of VEGF, TNF-α, up-regulation 















HUVEC cells proliferation, but barely have effect on HCE cells. We used the rat corneal 
alkali burn as an animal model, provided experimental evidences and a new direction of 
exploring new agents against corneal neovascularization. 
 


































Part 2. Effects of SERPINA4 on diabetic retinopathy induced 
neovascularization, inflammation and its underlying mechanisms 
   Purpose: SERPINA4 is decreased in the vitreous of patients with diabetic retinopathy, 
while increased in the circulation of diabetic patients, compared to normal patients. The 
objective of this study was to investigate the role of SERPINA4 in diabetic retinopathy and 
its underlying mechanism. 
   Methods: We generated SERPINA4 transgenic C57BL/6NJ mice over-expressing 
SERPINA4 in multiple tissues including the retina. We detected neovascular area and 
number of pre-retinal neovascular cells in OIR model. Genetically crossing SERPINA4 
transgenic mice with diabetic Akita mice, we generated Akita x SERPINA4 transgenic mice. 
We examined retinal leukostasis and vascular leakage. Furthermore, we generated BAT-gal x 
SERPINA4 transgenic mice by genetically crossing the Wnt reporter (BAT-gal) transgenic 
mice with SERPINA4 transgenic mice, and measured Wnt signaling change during the 
diabetic retinopathy. Western blot was conducted to analyze the expression of LRP6 and 
non-pi-β-catenin in OIR and diabetic retinopathy models. ELISA assay was used to detect 
the levels of VEGF and ICAM-1 in two models. Regulatory effect of SERPINA4 on Wnt 
signaling pathway was measured by TOPFLASH. The expression of pi-LRP6、LRP6, VEGF, 
and TNF-α in cultured ARPE19 cells was detected by Western blot. Immunoprecipitation 
assay was performed to detect the specific binding of SERPINA4 to LRP6. 
   Results: In the OIR model, over-expression of SERPINA4 significantly reduced the 
retina neovascularztion. It was demonstrated that retinal vascular leakage and leukostasis, 
VEGF and ICAM-1 over-express induced by high glucose, were decreased in the 
SERPINA4 x Akita animal model, compared to the Akita animal. SERPINA4 
over-expression also suppressed the Wnt signaling pathway activation induced by OIR and 
diabetic animal models. In the STZ induced BAT-gal x SERPINA4 transgenic mice, 
SERPINA4 inhibited the Wnt signaling pathway activation induced by diabetes. In the in 
vitro assay, we cultured the retinal cells, SERPINA4 blocked the Wnt pathway activation 
induced by high glucose and Wnt3a. Moreover it was shown by immunoprecipitation assay 
that SERPINA4 specifically binds to Wnt coreceptor LRP6 (Kd=4.5nM). 
Conclusions: We applied OIR and Akita as the diabetic neovascular animal models, 
demonstrated that SERPINA4 as an endogenous inhibitor, has anti-angiogenic and 















LRP6 and down-regulating Wnt pathway factors including pi-LRP6, non-pi-β-catenin, 
ICAM-1, VEGF and TNF-α. 
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第一部分 SERPINA3K 对大鼠角膜碱烧伤的抗新生血管和抗炎作用 
第一章 前  言 











    目前新生血管学说认为，调节新生血管形成是促新生血管因子和抑制新生血管因





    本文重点研究 SERPIN 家族成员对眼部新生血管以及炎症的作用和机制。丝氨酸
蛋白酶抑制剂（serine proteinase inhibitor, SERPIN)超家族是一类具有共同来源、结构
序列高度同源的蛋白酶抑制剂家族。SERPIN 超家族的主要功能是中和过度表达的丝
氨酸蛋白酶活性，从而参与血凝、纤维蛋白溶解、补体激活、炎症反应、组织重建等
功能，维持机体内环境的稳定。 本论文中我们主要选用 SERPIN 家族中 2 个成员
SEPINA3K 和 SERPINA4 进行研究。（有关 SERPINA4 的介绍请详见本论文的第二部
分）。 
    早的 SERPIN 由 Fermi 于 1894 年在人血浆中发现，1955 年 Schultze 分离纯化得
到，后被命名 α1 蛋白酶抑制（α1-proteinase inhibitror， α1-PI)，又称 α1-抗胰蛋白酶
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